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© Fluorocarbon membranes and process for making fluorocarbon membranes. 

© Microporous poly (tetrafiuoroethyiene-co-perfluoro (alky! vinyi ether) (PFA) or poiy(tetrafiuoroethy!ene- C o- 

?Stts^t Tr ran : h °; honow fibers are formed from * — ^ ^ * 35 c < 

of PFA or FEP and a chiorotnfluoroethyiene oligomer solvent The melt blend is shaped and cooled to effec 
Phase separation of the PFA or FEP from the blend. The solvent is removed from the PFA TfST^S^ 
and the porous PFA or FEP is dried under restraint to prevent shrinkage V 
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BACKGROUND OF THE INVENTION 
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tu- • .■ n to a orocess for producing microporous poly (tetrafluoroethylene- co-perfluoro 

(a > J")) (Cor ^ — S "* " - 

membrane so-produced. nenerallv formed from synthetic thermo- 

Microporous menses induo, ^ ^^rSining open pore's or 
plastic matenals and havng a sub* n J a >V c ° nt „ m ofOUS mer nbranes» is not precisely defined in the 

applications such as for thermal membrane materials because of their excellent chemical 

PFA and FEP polymers are des, able filirat.cn m embrane ma » unamenable t0 be cast into 

and thermal stabilities. However, the.r ' nheren ^*^^ membrane using 

membranes by f^TSe^S^ 4.096.227; 4.H0.392 and 

similarly inert matenal is isdos d mU.aP JJ^ 1 ^ sintere d P oly(tetrafluoroethylene) 

^^^^^"^ — * ^ - " 

highly elongated in te^J«***- for forming microporous membranes from 

U.S. ethylene-tetrafluoroethylene copolymer, 

fluoropolymer resins selected from the group coraisnng t * an inorganic 

ethylenes— L , ler and oligomer 

filler is requ.red in melt molding the polymer wran * microporous membranes used in 

are dissolved out ILTbe emov: d ,n by solvation and the filler remaining 

filtration is highly undesirable s.nce all of he filler cann fluoropolym ers disclosed by these 

25 src — in «— when compared to PFA 

"'I method for mafcing a porous fluorinated ^^^^^^S ^ I 
involves forming a solvated or « ISerwJh a sulfony, fluoride (■ 

applicable conopr.se. , a copolymer o tetrafluoro Jylene P . g a ^ The prgsence <J| 

S0 2 F). sulfonate <-S0 3 Z) or carboxylase (-COOZ) . ^ onal J P Q{ jc solvents 

permeability data of the porous ^ c,ure R ^;^ ess for producing microporous membranes from PFA or 
,t would be desirable to ^'"^J^S^j^lw^ which undergoes a 
FEP which permits the use of liquid solvent to form a «J™ , "» e ^ the lymer is tne solid 
iiquid-iiquid or a solid (crystalline) - hquid phase s *J«* 0 "^ i n which the pore structure can be well 
phase, in addition, it would be desirable to provide such product during formation 

controlled. In addition, it is advantageous to ; elim.nate ^e ^J^'^S such as a porous woven or 
so that the product can be deposited ™JJ * ^ Tail able, the membrane could be 

length 2h would permit their use in a wide variety of filtration env.ronments. 
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mixture is formed comprising between about 10 and about 35 weight percent FEP or PFA polymer and the 
remainder a solvent (porogen) comprising chlorotrifluoroethylene oligomer which permits liquid - liquid 
phase separation upon cooling from elevated temperature and subsequently solidification of the polymer 
i he mixture is heated and extruded to form a film or hollow fibers which then is quenched to effect phase 

5 separation of the fluorocarbon polymer from the solvent The solvent is separated from the polymer by 
extraction and the resultant microporous polymeric membrane is dried under restraint in order to minimize 
or prevent membrane shrinkage and collapse. In addition, the present invention provides laminate products 
wherein a microporous PFA or FEP membrane sheet produced by the process of this invention is adhered 
directly to a porous sheet substrate on one or both surfaces of the membrane without the use of an 

w adhesive. 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 is a flow diagram depicting the process of this invention. 

Figure 2 is a photomicrograph at 1000 X the cross- section of a microporous poly 
(tetrafluoroethylene-co- perf!uoro(alkyl vinyl ether)) (PFA) membrane made in accordance with this inven- 
tion. 

Figure 3 is a photomicrograph at 15000 X the cross section of the membrane shown in Figure 2 
Figure 4 is a photomicrograph at 150 X the cross section of a microporous PFA sample with a 
cellular morphology. 

Figure 5 is a photomicrograph at 2000 X the cross section of the sheet of Figure 4. 
Figure 6 is a photomicrograph at 1500 X the cross section of a microporous poly (ieirafluoroethylene- 
co-nexafluoropropylene) (FEP) made in accordance with this invention at 1500 X. 

Figure 7 is a photomicrograph at 5300 X one surface of the membrane made by the process of 
Example 4. 

Figure 8 is a photomicrograph at 5200 X the surface of the membrane opposite the surface shown in 
Figure 7. 

Figure 9 is a photomicrograph at 1600 X the cross section of the membrane shown in Figure 7. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

In accordance with this invention, it has been found that membranes having a desired porosity and 
strength can be formed from a melt blend of poiy(tetrafluoroethyiene-co-perfluoro(akfyl vinyl ether)) (PFA) or 
poly (tetrafluoroethylene-co-hexafluoropropylene) (FEP) and a solvent which permits phase separation on 
coohng which comprises heated chlorotrifluoroethylene oligomer oil. Examples of PFA are commercially 
avai able as Teflon© PFA (Dupont) and NeofionTM PFA (Daikin Industries). Examples of commercially 
ava.lable FEP include Teflon® FEP (DuPont) and NeofionTM FEP (Daikin Industries). The PFA or FEP 
comprises between about 10 and about 35 percent weight percent of the blend. If a proportion of greater 
than about 35 weight percent in the blend is employed, the resulting membrane will have an undesirably 
low porosity while membranes formed from melt blends having a concentration of PFA or FEP less than 
about 10 percent are too weak for use in environments which required adequate mechanical stability. The 
use of the solvent has been found to be essential in the process of this invention 

In the first step of this invention a melt blend of the PFA or FEP and the solvent is prepared. The melt 
blend is formed by heating to at least the melting temperature of the PFA or FEP in the presence of the 
solvent and usually between about 280 and about 310'C, preferably in an inert atmosphere such as 
nitrogen or an inert gas. Oxygen tends to decompose the solvent at the high temperatures needed to form 
the melt blend In the formation of the melt blend, the PFA or FEP and the solvent are mixed such as in the 
mixing barrel of a conventional twin screw extruding apparatus wherein the mixture is heated during mixing 
The melt blend is passed from the extrusion zone through a slot die or a hollow fiber die to form molten film 
or molten hollow fiber. The molten film or hollow fiber then is quenched such as by being passed through a 
quench bath comprising water or the like at a temperature below the phase separation temperature of the 
melt blend to form gel film or gel hollow fiber. Alternatively, the extruded molten film or fiber can be 
quenched by be.ng passed over cooled rollers at the appropriate temperature in order to effect phase 
separation of the melt blend to form membrane or fiber. When the extruded melt blend is quenched rapidly 
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the resultant product is characterized by open pores and therefore is useful in filtration. When the extruded 
melt blend is quenched slowly, the resultant product is characterized by a cellular morphology and 
therefore can be useful as in insulation or in encapsulation, The gel film or fiber then is immersed into a 
liquid bath which selectively imbibes the solvent thereby removing ft from the PFA or FEP matrix without 

5 substantially softening or dissolving the polymer. The imbibing extraction liquid can also function as a 
quench medium .such that the molten film or hollow fibers can be extruded directly into it. In this case, the 
quench and extraction steps take place in the same^bath. Suitable imbibing liquids include 1,1,2 tcich- 
lorotrifiuoroethene (Freon TF), 1,1,1 trichloroethane, carbon tetrachloride, hexane or the like, extraction can 
be effected at a temperature between about 20 *C and about 50* C in order to maximize solvent extraction 

;o while not softening the polymer. The polymer then is dried at a temperature usually between about 20* C 
and about 50 'C and, during drying, the membrane may be restrained in order to prevent shrinkage. 
Optionally, the dry polymer can be heat-set by heating it to a temperature between about 200* C and about 
290' C in order to further set the characteristic of the membrane. The membrane then can be rolled onto a 
core for storage. 

75 The microporous product of this invention is characterized by pores of a mean pore size of between 
about .05 and about 5 micron. 

A typical process useful for producing the membrane product of this invention is depicted in Figure 1. 
An extruder 10 is provided which is connected to a hopper 12 from which PFA or FEP and 
chlorotrifluoroethylene oligomer mixture is introduced into the extruder 10. A tank 14 and conduit 16 are 

20 provided for introducing additional chlorotrifluoroethylene oligomer into the extruder 10 for admixture with 
the PFA or FEP. The melt blend of polymer and solvent is removed from extruder 10 through conduit 18 
and into die 20 from which a sheet membrane 22 exits through orifice 24. Extrudate film 22 passes over 
chill roll 26 where the extrudate film 22 is cooled to a temperature for effecting microphase separation of 
the polymer and the solvent into a gel membrane 23. The gel membrane 23 then passes over the guide 

25 rolls 28 and then through the bath 30 containing a liquid extractant for the solvent. Membrane 23 then 
passes out of the bath 30 into an enclosed heating zone 32 wherein the edges of the membrane 23 are 
restrained while the membrane is optionally heated in order to dry the membrane. The membrane 23 then 
passes over guide rollers 34 and 36 into heat-setting zone 38 wherein the membrane 23 is heat-set by 
heating. The membrane 23 passes out of the heat-setting zone 38 onto wind up roller 40. In an alternative 

30 embodiment of this invention, a porous sheet substrate 42 which is housed on roller 44 can be directed to 
the chill roll 26 in order to contact the extrudate film 22 and be adhered to it without the use of an adhesive. 
This porous sheet can either be inserted between extrudate film 22 and chil) roll 26, or alternatively be 
placed in contact with film 22 on the air side opposite to chill roll surface. Another embodiment will be to 
form a three layer laminate by sandwiching extrudate film 22 between two porous sheets. Since the 

35 substrate is porous, it will have little adverse affect on the liquid extraction steps, the drying step or the 
heat-setting step which are downstream of the chill roll 26. 

The following examples illustrate the present invention and are not \ntanded to limit the same. 

jo EXAMPLE 1 



Teflon* PFA 350 (DuPont) pellets were ground into fine powder and mixed with chforotrifiuoroethyiene 
oligomer (CTFE oil #27 by Halocarbon Products Corp.) in a stirred pressure vessel (Parr reactor model 

45 4561) at a concentration of 20% (w/w) polymer. The mixture was heated to 310* C under. N 2 atmosphere 
and agitated at this temperature for 1 hour. This hot melt blend was then extruded through a 2" wide film 
die falso maintained at 310°C) connected to the vessel via a bottom drain valve. The extrudate, in form of 
molten film, was immediately quenched with water at room temperature. The sample was then placed in 
hexane overnight to extract the Halocarbon oil in liquid form and dried at room temperature. Afterwards the 

so sample became white in appearance. 

A sample of approximately 65 microns in thickness was examined by SEM. Figures 2 and 3 are 
photomicrographs of the cross-section of the sample revealing a "lacey" microporous structure. The 
porosity void volume) of this sample is 65%. The melting point of this sample was determined by 
differential scanning calorimetry to be 304°C (heating rate = 10°C/min.). The nominal melting point range of 

S5 PFA is 302-31 0°C. 

V.) 3 orosity ~ [\ - (D/D p )] x 100% where O = density of microporous sample and D p = 
densily of solid polymer. 
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EXAMPLE 2 



W 



from Smofe^ rZ? WaS rr bY C00 " n9 019 PFA and chl °~«fluoroethy.ene oOgomer melt blend 
Sl^ Sr % ' nS,de 1,16 eXtfUSi ° n di9 V6ry SlOW 'y from 310 ° C t0 temperature under 
r«c i ml ! t0ta ' C00 ' in9 ,ime W3S a PP roximate, y ^ ** ^ sample was removed after i 

72. JZ. re ^ 6XtraCted 93 ln Examp,e 1 ' 1,16 SEM P"°'<""icrographs of the cross-section 
of th s sample (approx.mately 450 microns in thickness) are shown in Figures 4 and 5 They revealed a 
regular cellular morphology which differs from the samp.e shown in Figures 2 and 3 The ZZl™ in 
structure » bel.eved to be due to cooling rate variation. The porosity <»of this sampie is 77% 



EXAMPLE 3 



olioomt (CTFE o ? 5 fh?H ! T 71 W ° *" P °" d8r " d mtad ^'^'rifluoroethylene 

ItZ V Halocarbon Products c ° r P-> ^ a concentration of 15% (wAv) polymer The same 

methods for m.xing extrusion, quenching and extraction where used here as in Example 1. ?he temperature 

Sn «Ts5 :T >0n ^ f fT" ^ fina ' SamP ' e iS WWte approlate.y 60 Snf 
tt.ckness. The SEM photomicrograph of the cross-section of this sample is shown in Figure 6. It revealed a 

S of FEP fs 271»C SCannm9 m8try t0 bS 269 ° C (heafin9 ra,S = ,0 ° C/f7,in) ' The nom ' n *' mellin ° 
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revelled bv £L , T P ° ^ m ° fe With " 0penin 9 S " on membfane s " rf ^es as 

hlnrii!? I IT I 9 eCtr ° n m,crosc °Py < SEM >- Powder grade Teflon » PFA (DuPont TE9725) was 
nowrtv ?, Mot0 ™»°™W™ isomer (CTFE oil #56 by Halocarbon Product Corp. to Zl a let 
powdery mature containing 45% (w/ W ) PFA polymer. This mixture was fed into a twin-screw comZnZr, 
extruder (Ba er-PerWns mode. MPQV-30. UD = 13) via a screw feed hopper 2 
quipped with wiperand stirrer blades. AddiKona. pure CTFE oil #56 was i jec.ed dow« into Si 
extruder near he m,d section of the extruder barrel, using a metering pump (FMI model Si S or 
delivery. The feed rates of the powder blend and oil were 14 gm/min and 18 gmZ r sSctiJe^The 
overall extrudate concentration would be approximately 20% I of PFA respectively. The 

caDaMtv^rrnim^ T^' ° f *"* SCrSW e ' ementS ' mixin 9 Ms ^ P'"9S to provide 

capacity for melting, m.xing and coveying of the melt blend. A 10cm wide vertical-exitino film di™ 

s it:r:;;z T 2 r ud6 Th to ,orm a ,i,m of the pfa/ctfe on ™« t ; a 

2 to 2O0 C w,h ,n n t6mPeratUre °' ,he Vafi0US ZOneS of the ext ™ ion «™ ^nged from 

maimain e e d X \t d 2?w m h WaS T!^ 0 " & Ch '°™ pla,9d Chi " r °"' The temperature of the rol. was 

maintained at 205°C by c.rculatmg thermostated silicon oil through its core. The quenched film w as nZ 
up w,th a motored take-up unit. Its thickness was approximately 70 microns 



brane sample and , or ^ same samole w« Jh ° T* meaSUred ,or a ^ry mem- 
point pressure was taker ^ as Th P nr«= L „ ■ ' S °, pr ° Pyl alcoho1 - The rnean bubble 
(1/2) air now through dry membrane ^ ™ ^ the wet membrane = 



ss (3) ASTM F317-72, using isopropyl alcohol as the permealing liquid. 

Is^rtm^ ab Svs, V l t e he T t ? rane • ,'° retai " Par,icles filtration 

Ouke Scientllic were uTTa^^ J ^3^°^ , B ^ 
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«n^hoH film a niece of the sample was restrained on a metal frame 
To remove the CTFE ci. frorr, the ^^JZl^ ^ TF) solvent for extraction. The 
and placed in an excess volume 1.1.2 ^J 1 "^ Qne fresh Freon change during this time. The 
extraction time used was app^ximate V two hour* vnm on tempe rature. After drying, 

TSSSS 31 28500 for 15 mins ' The propert,es of 

this membrane are: 

Final Membrane Thickness = 50 microns 

Porosity void volume ) = 65% 

Mean Isopropyl Alcohol Bubble Po.nt Pressure » - 37ps 

propyl Alcohol Flow Rate < 3 >@ 25°C = 1 .7 ml/m.n/cm 2 . 

Retenton of 0.198 micron Diameter Polystyrene Latex Parte e o>99 « 

Retention of 0.109 micron Diameter Polystyrene Late. <P™ ; a '° p 7 . g Fjgs 7 and a reveal the 
The SEM photomicrographs of the above s ^2^,, hfflmlM n, 
surface morphology showing pore openings on both sides, fig. 
revealing its open microporous structure. 



EXAMPLE 5 



of this membrane are: 
25 Final Membrane Thickness = 60 microns 
Porosity (1> (% void volume) - 55% 
Mean Isopropyl Alcohol Bubble Point Pressure <>- 57 psi 

lsopr o P y, Alcoho, Flow Rate X°C - 0.4 mi/mi^ Reten«on of 0,09 microns Diameter Polystyrene 
30 Latex Particle t4) : > 95% 
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Claims 

, . A process for forming a microporous P°l£« 
« forming a -It-blend of a po.mer - <^ 3 

Leen — 10 and 35 wei9ht percent of p ymer 

bV Ph3 S SSIS^U** formed from said ge. fl.m in step (c, to form a microporous 

membrane of said polymer and 

(e) drying said membrane from step (d). 

2 T>« process el*™ i «*«* said Pried r».mb,,ne is heat-set «*» 

X-100 surfactant in water to form the ch ai>«ge suspan so ^ suspensl0n 

alcohol and Hushed with Triton X-1«JJ*J»J*J n membran'e surface was filtered through at 6 psi 
corresponding to '-^SiCis in the permeate to the challenge was deter- 

SSt nSS 2 — ™ « a UV/V1S r - 
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3. The process of claim 1 wherein the membrane of step(e) is dried under restraint 

4. A permeable microporous fluorocarbon membrane comprising a fluorocarbon polymer selected from 
the group consisting of poiy(tetrafiuoroethylene-co-perfluoro(aikyl vinyl ether)) and poly{tetraftuoroethylene- 
cc-hexafluoropropylene) having a mean pore size between .05 and 5 microns as defined by a mean 

5 rsopropyl alcohol bubble point pressure between 1 and 150 psi. 

5. A microporous polymeric fluorocarbon membrane comprising a fluorocarbon polymer selected from 
ihe group consisting of poly(tetrafluoroethylene-co-perfluoro{alkyl vinylether)) and polyftetrafluoroethylene- 
co-hexafiuoropropylene)having a porosity between 40 and 90%. 

6. The membrane of any one of claims 4 or 5 wherein said polymer is poly(tetrafiuoroethylene-co- 
w perfluoro(alkyl vinyl ether)). 

7. The membrane of any one of claims 4 or 5 wherein said polymer is poiy<teirafluoroethylene-co- 
hexafluoropropylene). 
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